Gypsy moth DNA segments containing polymorphic dinucleotide repeats were sought for future studies regarding paternity and sperm precedence. Three microsatellite DNA loci were amplified by three sets of primers. These loci were sufficiently polymorphic to be used for paternity tests. The allele types observed were different among the three local populations.
INTRODUCTION
Sperm competition is a major topic in the study of sexual selection (Birkhead and Parker, 1997) . To understand adaptations which arise as a result of sperm competition, not only study of mating behavior but also evaluation of sperm precedence are very important. In the gypsy moth, Lymantria dispar L., females show multiple matings (Koshio, 1996) , while males show prolonged copulation, which suggests postcopulatory mate guarding behavior (Koshio, 1997) . Postcopulatory mate guarding strategy can evolve under conditions in which high sperm displacement occurs (Yamamura, 1986) , but no study has been performed regarding the sperm precedence of the gypsy moth.
In Lepidoptera, paternity and sperm precedence have been determined by a variety of methods: using sterile males produced by irradiation (Labine, 1966; Etman and Hooper, 1979; Bissoondath and Wiklund, 1997; Wedell and Cook, 1998) or chemicals (Flint and Kressin, 1968; Snow et al., 1970) , males from different lines with different phenotypes (Retnakaran, 1974; Brower, 1975; Sims, 1979; Svärd and McNeil, 1994) , radioisotope labeled sperm (Retnakaran, 1971) and biochemical analysis of allozymes (LaMunyon, 1994) .
Microsatellite DNA is a powerful tool for paternity testing and other molecular biological analyses of kinship (Queller et al., 1993) . Recently, some reports have described the use of primer sequences designed for amplification of microsatellite regions in Lepidoptera (Palo et al., 1995; Keyghobadi et al., 1999) , including the gypsy moth (Bogdanowicz et al., 1997) . Although the four microsatellite loci reported by Bogdanowicz et al. (1997) are highly polymorphic, gene diversity values varied not only among loci but also among populations. In order to determine paternity of gypsy moths, more microsatellite DNA loci are needed.
In the present study on the gypsy moth, we searched for DNA segments containing other polymorphic dinucleotide repeats for future behavioral and genetic studies on gypsy moth paternity and sperm precedence.
MATERIALS AND METHODS
Nucleotide sequences of DNA segments of gypsy moths enabled us to set up primer pairs for amplification of the polymorphic DNA segments by polymerase chain reaction (PCR).
Nuclear DNA was isolated from the bodies of three adult female gypsy moths. The total dry body weight was 243.8 mg. The procedures for the con-struction of the genomic library, detection of colonies containing (GT) n regions, and plasmid isolation and sequencing were essentially the same as those described in Takenaka et al. (1993) . Several sets of primers for PCR analysis were designed and chemically synthesized (Takara; see Table 1) .
For polymorphism analysis, nuclear DNA extraction was also performed in 97 adults: 40 females and 57 males. Each extracted DNA sample was stored at 4°C. These moths were collected from populations found in the cities of Naruto, Nara, Osaka, and Sakai in the western region of Japan in 1995.
We performed PCR in the presence of 100 ng of template DNA for a final volume of 25 ml. The reaction mixture contained 12.5 pmol of each primer, 10% dimethylsulphoxide, 15 mM Tris-HCl pH 8.0, 50 mM KCl, 2 mM MgCl 2 , 400 mM dNTP, and 0.6 U of Ampli Taq or Ampli Taq Gold DNA polymerase (Perkin Elmer). Thermal conditions were as follows: after the initial denaturation at 94°C for 5 min (Ampli Taq) or 10 min (Ampli Taq Gold), 30 cycles of denaturation at 94°C for 1 min annealing temperature (see Table 1 ) for 2 min. PCR products were run in 6.0% polyacrylamide gels and detected by silver staining following the protocol described by Tegelström (1986) .
RESULTS AND DISCUSSION
Only a (GT) n probe for hybridization in the cloning procedure was used and all microsatellite loci contained (GT/AC) n repeats. Only three out of eleven primer sets could amplify the moth DNA and their PCR products were polymorphic. The nucleotide sequences of these pairs of primers, fragment size, GenBank Accession No., annealing temperature, appropriate Taq polymerase, number of alleles, and observed and expected heterozygosities are shown in Table 1 . Ampli Taq Gold (Perkin Elmer) and the hot start PCR method were more appropriate for amplification of 2 out of 3 pairs of primers. The other eight loci (Table 2) were not amplified successfully using one or more primer sets.
Three amplified loci were polymorphic with between four and eight alleles per locus. Bogdanowicz et al. (1997) also reported four microsatellite loci of gypsy moth with between five and eleven alleles per locus in a Japanese population. The preliminary paternity test using our three loci was successful in more than 20 families, each of which contains one female, her two mates and her offspring (Koshio et al., unpublished) . These loci also seem to be useful for analyzing population genetics. Some genetic features are apparently specific to the population (Table 3) , although the sample size from some populations is very small. Allele #8 of locus GM903, for example, was found only in the Naruto population.
The gypsy moth is widely distributed in Palaearctic regions of the world. Many morphological and behavioral variations among populations have been reported. Female flight ability, for example, varies among populations. In the American population, females cannot fly (Forbush and Fernald, 1896) , while those of the populations of East Europe and Asia including Japan can fly (Mikkola, 1971; Leonard, 1981; Koshio, 1996; Charlton et al., 1999) .
Recently, several studies on gypsy moth populations, including Japanese populations, were conducted using genetic markers such as mtDNA (Bogdanowicz et al., 2000) and amplified fragment length polymorphism (AFLP) (Reineke et al., 1999) . Bogdanowicz et al. (1997) investigated the relatedness of Asian and North American populations using four microsatellite loci. These studies suggest the existence of many DNA variations not only among geographical populations but also among neighboring local populations. Our results also suggested the presence of DNA variations among local populations, even in western Japan. 
